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MATLAB CODE

1= clo: clear all; a0 - if lenath(b) =10

2 - T_left = 75; T_right = 50; T_bottom = 0; T_upper = 100: 3l - fliter) = fliter) + T_left;

3 - n: = 3: ny = 3; 32 - end

4 — T_numbering = []: 33 - if lenath(c) =10

h— iter = 0; 3 - fliter) = f{iter) + T_upper:
B - i=[1mnx]"; 35 - end

T= i = onestnu, 135 36 - if length(d) ==

B|= for k = 1:ny Ky fliter) = fliter) + T_bottom:
9 - T_nunhering = [T_numbering:i,i=k]; 38— end

10 - end a9 - end

1 - f = zerosinusny,1); 40 - end

12 — for j = 1:ny 41 - Temp_templ = K#f;

13 = for i = 1:nx 42 — iter = 0:

14 — T_numbering(:,3) = zeros(nz+ny, 1]): 43 — far i = nvi-1:1

15 — a = find{T_numberina(:, 1) == i+1 & T_numbering(:,2) == j);: 44 - for j = 1:nx

16 — b = find{T_numbering(:,1) == i-1 & T_numbering{:,2) == j); 45 — iter = iter + 1;

17 — c = find{T_numbering(:,1) == i & T_numbering(:,2) == j+1J; 45 — Temp_temp2(i,i) = Temp_templ(iter,1J;
18 - d = find{T_numbering{:,1) == i & T_numberingf{:,2) == j-1J; 47 — end

19 — e = find{T_numberinal{:,1) == 1 & T_numberingf:,2) == j}; 48 — end

20 - T_numberinafa,d) = -1; 49 — Tenp = zeros(ny+2,nu+2);

21 - T_numberinglb,3) = -1; B0 — Temp(:, 1) = T_left:

22 - Tnumberinafc.3) = -1; Bl - Temp( i, nx+2) = T_right;

28| = T_numbarinald,3) = -1; Ly Temp(1,:] = T_upper;

24 — T_numberingle,3) = 4; B3 — Tenpiny+2, -} = T_bottom;:

&b - iter = iter + 1; R4 — Tenp(2:ny+1,2:nx+1) = Temp_tenpZ;

26 - Kfiter,:) = T_numbering{:,3)"; 55 — #=[0:1:nx+1]: w=[ny+1:-1:0]:

27 — it lenath(a) == BE — surflx, v, Tenp)

28 - fliter) = fliter) + T_right; 57 — slabel ("w'); wlabel (' v');zlabel (' Tenp'): colarbar
29 - end

Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved



INITIALIZATION

clc: clear all;

oX
[
™

Mol

—

@@ | £ X 22 node 7=
M A
T left=75; T right =50; T _bottom =0; T_upper = 100; @ @'
r EEAE #d51H7] #
nx =3; ny =3; @ i IOHE%XPS:FL 12
T _numbering = []; i
iter = 0; |
100°C
| = [1:nx]";
j= E)nes](nx 1); numbering - U7 %Y 8 %9
- A 4 . - a2 @2 - (3,2
for k = 1:ny @ 1 1 1
'Cll'_numbering = [T_numbering;i,j*K]; \ : : . th, Bk, i
en
; -
& 3 2 0'C
f = zeros(nx*ny,1); ’ L :
9 3 3
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CAE

COEFFICIENT MATRIX

forj=1:ny |

fori = 1:nx @nx -3, ny =3 Y o oj
T _numbering(:,3) = zeros(nx*ny,1); EES HE

a = find(T_numbering(;,1) == i+1 & T_numbering(:,2) == j); i

b = find(T_numbering(;,1) ==i-1 & T_numbering(:;,2) ==j);| |

¢ = find(T_numbering(;,1) ==1 & T_numbering(:,2) == j+1); i numbering

d = find(T_numbering(:,1) == i1 & T_numbering(:,2) == J-1); i - —
e = find(T_numbering(:,1) == 1 & T_numbering(:,2) ==); i 2 2 1
T_numbering(a,3) = -1; | ; i :
T_numbering(b,3) = -1; i : 2 2
T_numbering(c,3) = -1; i . : :
T_numbering(d,3) = -1; | : : :
T _numbering(e,3) = 4; i

iter = iter + 1;

@ K(iter,:) = T_numbering(:,3)";

' ' '

[=al=R =N RNl =R =N =]
' '

=Rl l=l=Rl=al=Rl=0]=]

| ' |
A=A A=A =2 =01=]
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u:uuowcnm-hmmh—l Eﬂ
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' ' ' '
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COEFFICIENT MATRIX

a =|find
b =|find
c =|find
d =|find
e =|(find

T_numbering(;,1) == i+1 & T_numbering(:,2) == )); @

(T _numbering(:,1) ==1-1 & T_numbering(:,2) == j);
T numbering(:,1) ==1& T_numbering(;,2) == j+1);
(T_numbering(:,1) ==1 & T_numbering(:,2) == j-1);
(T _numbering(:,1) ==1& T_numbering(:,2) ==j);

X

ILi(b) oii(e) oi+l)(a) 0.1 (b)

®ij+1(c)

e ij-1(d)

i=1,j=1
el.2 (C)

Ll 21(@)

ol,0 (d)
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COEFFICIENT MATRIX

{

T _numbering(a,3) = -1; - : : 4 |
T_numbering(b,3) = -1; 3 3 | 0 i
i — . 4 1 2 -1 I
T_numbering(c,3) = -1; : 5 ; 5 i
T_numbering(d,3) = -1; 6 3 2 0 y
- 7 1 3 0
T _numbering(e,3) = 4; ] ; ; 0
9 3 3 0 |
|
@(L1): Ty + Iy + T, + T, =41, =0 > 4%, - T, =T}, =75 i
75°C 0:C I
@(2.1): Ly + 1, + Ty + T, =47, =0 —> -1, +41, - T, - T,, =0 :
”C I
@[3-1):{4i+151+132+1_r3£_4151:0%_1—21"‘41;1_1—31:50 :
s0°C 0°C :
|
9 equations :
|
|
1 N\ — : . 1. |
K(iter,:) = T_numbering(:,3)"; @ i
|
1 2 3 4 5
1] 4 -1 0 0 0 0
|
- |
_ T.m7 - |
ki ko kiay || * A |
kop o ko ko || uS? || 7 i
: : |
. |
|
| kont Kan kanvan )| N | L] |
|
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FORCE VECTOR
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Ty + 1, —4L, =041, -1, -1, =75

@(2.1): Ty + 1y + Ty + 1y =41y = 0 = =T, + 4T, =T,y =T, = 0

@(3.1): T, + Ty + T, + I, 4T, = 0 > =T, +4T;, - T;, =50

If length(a) ==

f(iter) = f(iter) + T_right; X example
end
, a=2 0
It length(b) == p=[] iflength(@)==0 1

f(iter) = f(iter) + T_left; c=4 ) 0
e d=[  Ifisempty(@) L
if length(c) == o1 isempty(a) 0

f(iter) = f(iter) + T_upper;
end @I+ I
if length(d) ==

f(iter) = f(iter) + T_bottom;
end woc

end
end ®1,.2 (C) (1,.3)7 <2,.3) 8 (3..3) 9
O,i (b) .1’1 (e) '2,1 (a) - (1..2)4 2.2) - (3..2) S o
“'0”1 12,.1) 5 (3,.1)
1,0 (d)
o
AAxH0| Yo 2 o
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POST-PROCESSING

Temp_templ = K\f; @ [KiH{Tij =11} mmp T} =[K; T { ;}

iter = O;
fori=ny:-1:1
forj = 1:nx
iter = iter + 1,
Temp_temp2(i,j) = Temp_templ(iter,1);
end

_| Temp |

¥

end HH 5x5 double
1 2
A 1 100 100
Temp = zeros(ny+2,nx+2); ] [
Temp(;,1) = T_left; : 5 e

3
100
76.1161
56.2500
33.2589

4 5
100
60.6429
52.4554
33.9286

Temp(:,nx+2) = T_right;
Temp(1,:) = T_upper,
Temp(ny+2,:) = T_bottom;
Temp(2:ny+1,2:nx+1) = Temp_temp2;
x=[0:1:nx+1]; y=[ny+1:-1:0];

surf(x,y, Temp)

xlabel('x"); ylabel('y");zlabel('Temp'); colorbar
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ASSIGNMENT

Uy +U,, = (X, y)=12xy

Dirichet B.C

u(0,y)=u(y,0)=0, u(.5,y) =3y°
Neumann B.C

u, (x,1) = 6x

ulz = ueE =

. 8EE5

ute = u2e =
0.9941

0.1229

Ref. : Advanced Engineering Mathematics, 9t edition, Chap. 21, pp918-919




ODEEXAMPLES

sa0l = pdepeln, Opdexlpde, Bpdexlic, Bpdexlbc, =, t);

CiSH ohet ol [BoiE 2ad M pdepe

13l POECHEDIE 2EA)--2|= O

Solve initial-boundary value problems for parabolic-elliptic PDEs in 1-D

pdexZ - 14| PFOECED|Z 2HEAM)--2AXS = 270 e oA

pdexd - 14 PDECEDOIZ ZEA)-ulx, t)2 Dulx, t)/Dxel 2AA
pdexd - 23l PDELEDIZ LEA)--212 WA pdepe solves PDEs of the form:
pdexh - 24l POECEDIZE ZEA)--ZARE ZSZH CHE A
[aru 5“}5”— o (xf(xtu 5”)]+s(x.r,[.!.@]
. dx /) at da Bx/ ax,

=== ] l it l function [c,f,s] = pdexlpdelx,t,u,Dulx)

co=pitE;
I _ El : f = Dubx: ﬁ ﬂ-:a_uzi @
0; gt ox \dx

o
1

Numerical solution computed with 20 mesh points. True solution plotted with 20 mesh points. Solutions at t = 2.
0.14 T T T

O Numerical, 20 mesh points
Analytical

012

0.1

0.08 [

0.06 [

u(x,2)

0.04

0.02 & b

0.6

0.4

0.4

. _ 002 ‘ ‘ ‘ . . ‘ ‘ ‘ .
Time t 0 o Distance x 0 01 02 03 04 05 06 07 08 09 1

Distance x

Time t 0 o Distance x

13
Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved



PDE TOOLBOX IN MATLAB

MATLAB Examples

Close

< Examples Home

< MATLAB Family

< Math, Statistics, and Optimization
Partial Differential Equation
Toolbox

Getting Started with Partial Differential
Equation Toolbox

Applications
PDE Problem Setup
Solution Visualization and Interpolation

Other

Applications

Fraseverss Detlsztian.

4

Clamped, Square Isotropic
Plate with Uniform
Pressure Load

Inhomogeneous Heat
Equation on Square
Demain

Calculate the deflection of a
structural plate acted on by a
pressure loading

Solve the heat equation with a
source ferm.

Nonlinear Heat Transfer in
Thin Plate

Vibration of Square Plate

Calculate the vibration modes and
frequencies of a 3-D simply
supported, square, elastic plate.

Perform a heat transfer analysis of a
thin plate.

Tamparaturs 2 Lat End a1 2 Farction o Ties

Heat Distribution in
Circular Cylindrical Rod

Analyze a 3-D axisymmetric model
by using a 2-D model.

Defiscton at Dases Carsor

ntaca, e

¥y e s
Dynamic Analysis of
Clamped Beam

Analyze the dynamic behavior of a
beam clamped at both ends and
loaded with a uniform pressure load

o l
s —
Y
P = o

Ko

Poisson's Equation with
Point Source and Adaptive
Mesh Refinement

Solve a Poisson's equation with a
delta-function point source on the
unit disk using the adaptmesh
function.

(((((@

Helmholtz's Equation on
Unit Disk with Square Hole

Solve a Helmholiz equation using
the solvepde function.
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—
Y ot o

Deflection of Piezoelectric
Actuator

Solve a coupled elasticity-
electrostatics problem.

[ ashvepdren sigmnasier, sgam

r

Vibration of Circular
Membrane

Calculate the vibration modes of a
circular membrane by using the
IMATLARB eigs function.
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APPENDIX
« MATLAB GUI implementation
v GUI

v Example
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LLLIL

4\ MATLAE R2016a - academic use

E H=HE HEEZ|A
e 3c s ]
BN Bw [q me 27 & g A o ) B
B E bpemazrsy
M ME TSIl 27 i ya G2 Y S Simulink  2f|0]¢
~3zE . - 7H% T R spner v [p¥ERLI v -
CEs 3= SIMULINK
= E] AT Ctrl+N
< W 1 . v CAE ZtE » Sth week m-file
=i =0 IEI 202 &3 3 O B =77| - EWCAES SWOAE_THE#5th week m-filewassignment.m
V] @ e =35 | assignmentm | dydxn.m | heat_nlin_testm | laplace_ex_
HomE| =T BEE = find(T_numbering(:,1) == i & T_numbering(:,2)
Ll @ o 29 - T_nunbering(a,3) = 1;
e 0 - T_nunbering(b,3) = 1;
e L S~ 3N - T_numberinalc,3) = 1;
'9‘%? . . 32 - T_numberina(d,3) = 1
5| B om0t 2 3 - T_numberinale,3) = -4;
) 4 = 34— iter = iter + 1;
) ¢ 35— Tiiter ) =T pupberingl: 31"
) ; App GUIDE
= AJEE 2HEsE 2RHE 2 =50 35 25 XS E5) Figure 7|8 BE 2EFUCE
4
i.j I == === App Designer
é : S=| y2e 7u49 HIS 288 1HTAS Ed uifigure 7|8 AppS ZEELICH
= simulink Model 1 === B
ﬂ oo o
'E e i .
#)¢ [C] stateflow chart MATLABS ME METLHE AT | S BESGUAL
ﬂ{ arr =
ﬂ 4 El Simulink Project
Bma 0.0763

’fﬂ untitled.m
Ty
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GUI SETTING WINDOW

T —— @7@ GUITIAS Bajon
uick Sta
: | = R
1
@ Create New GUI IDpen Existing GUIU |
| =7 GUIDE templates Preview El GUI jél' g{g(jl%)
v ) Blank GUI (Default)
: |
| 11 ofgf Ol of &
| 4\ GUI with Axes and Menu I : el Ol = Ol
4\ Modal Question Dialog '
BLANK |
|
|
|
|
|
| |
| :
[C] save new figure as: |C:#UsersiseanwDasktopwuntitled2 fig Browse... :
|
|
oK ] ’ Cancel l ’ Help |
: . m :
|
|
|
|
|
|
|
|
|
|
|
|
|
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ri] untitled3.fig

File  Edit

=] ¥

View Layout

Tools Help

R B BHY%

d

==
s
0

i

[[m0]3]

-

L

Tag: figurel

Current Point: [205, 420]
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Position: [520, 380, 560, 420]
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] untitled3 fig

File | Edit View Layout Tools Help

c-n Boch B B

Mew...

Open... Ctrl+0

Close Ctrl+w
Ctrl+5

Save Ac. .

Export ...

Preferences...

Print... Ctrl+P

1 C#._seanWDesktopwex fig

=

-

EXSTTIDIEiT)

4

Tag: figurel

Current Point: [29, 418]

Position: [520, 380, 560, 420]

E
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B example A LA M @

. o =
ym—flle LHE22 GUI € 0|8
) she ury e Sx) Gl
o [
| H2E pop up Al7|= EHO
=
| £ O|F0{H
P |
=T CUsersifseanwDesktopivexample.m E@M :
.
Eile Edit Text Go Cell Tools Debug Deskiop Window Help o :
. |
NSl s$RRB20 | a2 - MAap i k- BBE BB stk e Jy |
|
BEE| - |10 |+ | (11 [ x || O |
1 function varargout = exanple(vararsin) TD |
¢ % EXAMPLE M-file for example.fig b :
3 x EXAMPLE. by itself, creates a new EXAMPLE or raises the existing = |
4 # singleton+, 1 :
5 i 0 :
G # H = EXAMPLE returns the handle to a new EXAMPLE or the handle to |
7 % the existing singletons, :
a % :
9 # EXAMPLEL "CALLBACK ,hObject,eventData,handles, ...} calls the local |
10 % function named CALLBACK in EXAMPLE.M with the given input arguments. :
11 % :
12 A EX4MPLE( "Property’, ‘Malue',...) creates a new EXAMPLE or raises the I
13 % existing singletons. Starting from the left, property value pairs are :
14 % applied to the GUI before example_OpeningFon gets called.  An |
15 # unrecognized property name or invalid value makes property application :
16 3 stop. Al inputs are passed to example_OpeninaFocn wia vararain, i :
example Ln 74 Col 1 OVR :
I

20
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APPENDIX
« MATLAB GUI implementation

v GUI

v Example (Prob.27-270] 1)

21
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PUSH BUTTON

SONEOo[E

H
oa)

r47 example fig [':' (=] éj
File Edit Wiew Layout Tools Help
Nod 2R ¢ s BH% b

Push Button

4

Tag: pushbuttonl

Current Point: [£05, 419] Position: [364, 43, 162, 63]
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Push Button Of0|& £ &l
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Button OfO|Z 44

13 o012 e 27
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PUSH BUTTON: INSPECTOR

r@ Inspector: uicontrol (pushbuttonl "Close”) &@ﬂ’
Bz [80] =1
BackgroundColor @ —
BeingDeleted off
BusyAction queus e
ButtonDownFcn iz &
CData ﬂ [0x0 double array] &
Callback Sautomatic &
Clipping on <
CreateFcn ] @
DeleteFcn ] @
Enable on =
H Extent [0014.8 2.923]
FontAngle nermal @
FontMame M5 Sans Serif &
FontSize 200 &
FontUnits points v
FontWeight normal =
ForegroundColor @ [
| Handlevisibility on -
HitTest on v
HorizontalAlignment center v
Interruptible on <
KeyPressFcn ] @
il ListboxTop 10 &
Max 10 &
Min 0.0 &
Position [72.6 3.231 32.4 4 846]
SelecticnHighlight on <
SliderStep [0.01 0.1]
!String @ Close &
I pushbutton >
Tag pushbuttonl &
TooltipString &
UIContextMenu <Mone= v
Units | characters v
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;

String 2 Close 2 Mg

FontSize 20 OS2 HZ4
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PUSH BUTTON: M-FILE

=7 CWUsersseanWDesktopiexample.m

File Edit Text Go Cell Tools Debug Desktop Window Help u
NMElE | $RB20 | o2 -Aer (B-EBBREBE|. -|A
BB - 10 |+ | 511 x|k O

Hi e} Juraalrdyirmmmrece, 11dalidigsfa -D
&0 i
Bl ¥ UIWAIT makes example wait for user response (see UIRESUME)

G2 % uiwait{handles.figurel);

]

G4

B # ——— Dutputs from this function are returned to the command |ine.

GE function vararsout = example_QutputFon(hObiect, eventdata, handles)

B7 % varargout cell array for returning output args (see VARARGOUT);

&8 # hObject handle to figure

B3 % eventdata reserved - to be defined in a future version of MATLAB

70 % handles structure with handles and user data (see GUIDATA)

i

T2 # et detault command line output from handles structure

- varargout{1} = handles.output:

74

7 —
76 # ——— Bsecutes on button press in pushbutton?,

i function pushbuttonl_Callback(hObhiect, eventdata. handles)

(L % hibject handle to pushbuttonl (see GCEO) @ =
7 % eventdata reserved - to be defined in a future version of MATLAB

a % handles structure with handles and user data (see GUIDATA)

a1 -

example / example_OQutputFen |Ln 73 Col 31 | OVR

Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved

M-file Of]
pushbutton1_Callback &=
7t ‘- =

O] == 20| m-file YHO
= YEs5t MYSHH
pushbutton & 22/} E Oj
AlSH |

=2 oo
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PUSH BUTTON: M-FILE

§ TE— b
=] C:WsersﬁseanwDesktupWexample_rm E@ﬂ
File Edit Text Go Cell Tools Debug Deskiop Window Help ¥
NEHE R0 (a3 Aesf|k-ERBRE BA Jx

BrE| - 10 |+ | +]11 [ x|t O

13 quriaaldyimoIesT, T1dlidire=fa -D

B0 0

fil ¥ OUIWAIT makes exanple wait for user response (see JIRESUME)

62 % uiwait(handles.figurel};

E3

B4

65 # ——= Qutputs from this function are returned to the command line.

EE function vararaout = example_QutputFocni{hObject. eventdata, handles)

67 % wvarargout cell array for returning output args (see YARARGOUT);

G # hobject handle to fisgure

B3 % eventdata reserved - to be defined in a future wersion of MATLAB

70 % handles structure with handles and user data (see GUIDATA)

71

T2 # Get default command line output from handles structure

73 - varargout{1} = handles.output:

74

7h —

76 # ——— Executes on button press in pushbuttonl.

77 function pushbuttonl_CallbackihObhiect, eventdata. handles)

i % hibject handle to pushbutton! {(see GCBO) =

(= % eventdata reserved - to be defined in a future wersion of MATLAB

a0 % handles strapture with handles and user data (see GUIDATA)

81 - close(achf) @ -
example / pushbuttenl_Callba..|Ln 81 Cel 12 |CWVR
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PUSH BUTTON: GUI

GUI &2 &dA[# Close
pushbutton & 225tH &
o] E¢l

B example [ESEEER)

o ¢
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STATIC TEXT BOX

static text OO|& =&

™ example fig

File  Edit

NEd $22Bo 0 | 2B6H BH b

F Static Text 1 @

View Layout Tools Help

0T

HLBEQEE
@

]
o)

Close

Tag: textl Current Point: [102, 420] Position: [67, 333, 200, 51]

clg 23

Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved

@static text box MM
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

27



STATIC TEXT BOX: INSPECTOR

-
24 Inspector. uicontrol (text] “Input ODE function")

-

HPAEES

BackgroundColor @ 1 -
BeingDeleted off
BusyAction queus e
ButtonDownFcn iz &
CData ﬂ [0x0 double array] &
Callback @
Clipping on <
CreateFcn ] @
DeleteFcn ] @
Enable on =

Extent [0 0 33.8 2.308]

FontAngle nermal @
FontMame M5 Sans Serif &
BFrontsize 15.0 2]
FontUnits points v

FontWeight normal =
ForegroundColor @ [
HandleVisibility on >
HitTest on v
HorizontalAlignment center v
Interruptible on <
KeyPressFcn ] @
ListboxTop 10 &
Max 10 &
| Min 0.0 @
Position [13.2 27.538 40 1.923]
SelecticnHighlight on <
SliderStep [0.01 0.1]
| string §| Input ODE function ]
I Style text >
Tag textl @| |
TooltipString &
UIContextMenu <Mone= v
Units | characters =~ |
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FontSize 152 B4
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EDIT TEXT BOX

edit text O}O|& =&

edit text box A4

olg 23

File Edit \iew Layout Tools Help

NEd £$2m9 0 2BHd B5% | b

Input ODE function

L] n | | I
] Edit Text " @

28]

E[me] =& ]

]
o)

Close

Tag: editl Current Point: [341, 420] Position: [32, 295, 268, 51]

rgﬂ example fig = | B |5
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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EDIT TEXT BOX: INSPECTOR

@;Ir::pectoﬁr u:control (ode input ™) - Strlng HI_I ?_}_QE E %'
Bz 8] i =2
BackgroundColor @ — o
BeingDeleted off
BusyAction queus - @ FontSize 152 E 7O:I
ButtonDownFen kel &
CData Ea [0x0 double array] & :
Callback k)| sLautomatic o |
Clipping on - @Tag £ ode_input 2= H
CreateFcn k)| Stautomatic & 74
DeleteFcn kel & P
Enable on < :
Extent [0 0 0.8 0.308] |
FontAngle nermal < :
FontMName MS Sans Serif & :
| Fontsize 15.0 & I
FontUnits points - :
FontWeight normal S| |
ForegroundColor @ . ) :
HandleVisibility on - :
HitTest on - |
HerizentalAlignment center < :
Interruptible on - :
KeyPressFcn ] @ I
ListboxTop 10 @ :
Max 10 & |
| Min 0.0 @ |
Pasition [6.2 22.615 53.6 3.923] I
SelecticnHighlight on :
Sliderstep [0.01 0.1] :
[ = | |
I Style edit :
| Tag ode_input |
TooltipString :
UIContextMenu =Mones :
Units - characters =~ | I
)
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STATIC TEXT BOX

r[ﬁf}‘ examplel fig -e . L -e pr| E
File Edit \iew Layout Tools Help
M@ | sRaR9 0 | sBhd BE% | »
& |
-. Input ODE function
D
i
=
Static Text
¥y
et
L
‘ Close ‘
4
Tag: figurel Current Point: [537, 288] Position: [520, 380, 560, 420]

static text OO|& =&

oz 23
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STATIC TEXT BOX: INSPECTOR

r@ Inspector: uicontrol (initial_value_input "Initial value?) E‘Elg1 Stnng % |n|t|a| Value E |:i|
8] =t =2 A
BackgroundColor @ —I o
BeingDeleted off .
BusyAction gueuse v @ FOﬂtSlze 1 SE E 70:I
ButtonDownFcn kel & |
CData | rox0 double array] @ |
Callback kel & :
Clipping on = :
CreateFen kel & I
DeleteFen kel & :
Enable on i :
Extent [0 020 2.308] |
Fontangle nermal = :
FontMame M5 Sans Serif & |
| FontSize 15.0 & l
FontUnits points = I
FontWeight normal | 2 :
FeregroundColor @ | [ :
HandleVisibility on < |
HitTest on - |
HerizentalAlignment center = N |
Interruptible on < :
|| KeyPressFcn ] & :
ListboxTop 1.0 & |
Max 10 @ |
Min 0.0 & |
Position [2.8 18.692 23.2 2.923] :
SelectionHighlight on = :
SliderStep [0.01 Q1] |
| string i Initial value & :
Style text = |
Tag initial_value_input | | :
TooltipString & :
UIContextMenu =Mones b |
Units | characters - | I
L
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EDIT TEXT BOX

r[j’;-‘ examplel fig - e . - s . a &8 | o5}

File Edit Wiew Layout Tools Help

Nod s | sBhd X% b

Input ODE function
“ Initial value
mE
| &l Edit Text . @
|
‘ Close ‘
q b

Tag: edit2 Current Point: [301, £20] Position: [19, 219, 117, 40]
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EDIT TEXT BOX:

INSPECTOR

F ™
@ Inspector: uicontrol (initial_value_input ") - E@#
L
BackgroundColor @ —1 o

BeingDeleted off
BusyAction gueue e
ButtonDownFcn &
CData HH ox0 double array] &
Callback kel sLautomatic &
Clipping on <
CreateFcn kel sLautomatic &
DeleteFcn &
Enable on AR
Extent
FontAngle normal >
FontMName M5 Sans Serif &
FDntSize 15 &
FontUnits points e
FontWeight nermal =
ForegroundColor @ |
HandleVisibility on <
HitTest on v
Horizontal Alignment center =| N
Interruptible on <
|| KeyPressFen ke &
ListboxTop 10 &
Max 1.0 &
Min 0.0 &
Pasition [3.6 16.769 23.4 3.077]
SelecticnHighlight on -
SliderStep [0.01 0.1]
fstring 15 &
Style edit <
| LEE] initial_value_input CA
TooltipString &
UIContextMenu =Mones v
Units | characters =~ |
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FontSize 152 H4
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STATIC TEXT BOX

static text OO|& =&

Y/ examplel fig - e . L " L E="RC]

File Edit View Layout Tools Help @
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

static text box A4

oz 23

Ol $22R9 0 | 2Bk TE P

i

Input ODE function
I“I

Initial value E Setie et @

‘ Close ‘

Tag: texts Current Point: [198, 420] Position: [159, 253, 107, 42]

L - -
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STATIC TEXT

-
@ Inspector: uicontrol (text5 “range")

=l

-

2= B0 w1 =

BackgroundColor @ — o
BeingDeleted off
BusyAction queue -
ButtonDownFen e @
CData Ea [0x0 double array] &
Callback ked &
Clipping on <
CreateFcn e @
DeleteFcn ke &
Enable on i

Extent
FontAngle nermal <
FontMame MS Sans Serif &
fontsize 150 &
FontUnits points e
FontWeight nermal e

FeregroundCelor @ |
HandleVisibility on i
HitTest on v
HerizentalAlignment center <
Interruptible on <

|| KeyPressFen ke &

ListboxTop 10 &
Max 10 &
Min 0.0 &

Pasition [31.8 20692 21.4 2.231]
SelectionHighlight on >

SliderStep [0.01 0.1]
string E]] Ringe &
Style text <
Tag texts @
TooltipString &
UIContextMenu <MNones <
Units characters =
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String 2 Range £ #HZ4

FontSize 152 B4
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EDIT TEXT BOX

i examplel fig

-

File  Edit

View Layout

DNad 2B ™

Tools

s EREA D%

Help

B

Input ODE function

Initial value

Range
Edit Text . @

‘ Close ‘

Tag: edit3

Current Point: [284, £19] Position: [150, 219, 122, 40]
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edit text O}O|&
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edit text box
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EDIT TEXT BOX: INSPECTOR

r@ Inspector. uicontrol (range_input ™) - E@g1 Strlng |:]| 9}- (@) E H:i %_:!
AR - -
BackgroundColor @ — =

BeingDeleted off
BusyAction queus - @ FontSize 152 E 70:I
ButtonDownFen ] & I
CData EE| [0x0 double array] & |
Callback k)| sLautomatic & )
Clipping on - Tag £ range_input 22
CreateFcn kel SLautomatic & 7o=|
DeleteFcn ] & I
Enable on = Ay :
Extent [0 0 0.8 0.308] |
Fontangle nermal - |
FontMame MS Sans Serif & :

[Fontsize 15| & I
FontUnits points e :
FontWeight normal | 2 |

£ |

ForegreundColor @ [ I
Handlevisibility on = :
HitTest on < |
Horizontal Alignment center = W :
Interruptible on = :

|| KeyPressFen kgl & I
ListboxTop 10 & :
Max 10 & |
Min 0.0 & :
Position [29.8 16.769 244 3.077] I
SelectionHighlight on = :
Sliderstep ___[0010] :

[sting El 2 |
Style edit < :

I1ag range_input ¢ 3 :
TooltipString & I
UIContextMenu =Mones v :

Units | characters - | I
L
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ODE23 PUSH BUTTON

m] examplel fig -8 . L - R -
File Edit Wiew Layout Tools Help
NEd $ 2R ¢ | +B6hd BEH| P

d

(2 o=

=

BEO000
HEEEEE

£
o)

Input ODE function

Initial value

Range

% Push Button @

‘ Close ‘

L

Tag: pushbutton2

Current Point: [422, 419]

Position: [389, 359, 138, 50]

" -

@ pushbutton 244
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% [81] =1 =

BackgroundColor @ — i
BeingDeleted off
BusyAction queue b
ButtonDownFcn ked &
CData ﬂ [0x0 double array] &
Callback Zeautomatic &
Clipping on =
CreateFcn e @
DeleteFcn e &
Enable on v
Extent [0 0 13.8 2.308]
FontAngle normal =
FontMame M5 Sans Serif &
FontSize 15.0 &
TUTTEUTITLS PUIIIL:l
FontWeight normal =
ForegroundColor @ |
HandleVisibility on <
HitTest on v
HorizontalAlignment center v
Interruptible on =
KeyPressFen &
ListboxTop 10 &
Mlax 10 &
Min 0.0 &
Position [73.2 26.692 30.2 4.077]
SelectionHighlight on <
E_Slidersten [001 011
string =) opez3 2
Style pushbutton =
Tag ODE23 _solve & ||
TCOTpSLNg >
UIContextMenu =Mones v
Units characters v
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String ODE232 2 B

FontSize 152 B4

Tag & ODE23_solve 2 A
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ODE45 PUSH BUTTON

@ pushbutton 244
rEﬁ-‘ examplel fig - e . L . .8 RS

File Edit \iew Layout Tools Help

Ol $22R9 0 | 2Bk TE P

|

|

i

|

| |
Input ODE function ODE23 i
- :
Initial value Range - i
'
| et ) |
|

;
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

‘ Close ‘

4 I

Tag: pushbutton3 Current Point: [493, 420] Position: [373, 289, 136, 52]
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ODE45 PUSH BUTTON: INSPECTOR

@ ectoir .u;control (ODEAS solve ODE#S')‘ I:-"'Eh- S trlng ODE 4 5 E E zg
2 | !4 ¥
BackgroundColor @ — i
BeingDeleted off
BusyAction queus - FontSize 15 = E 70:|
ButtonDownFcn ked & I
CData ﬂ [0x0 double array] & |
Callback Zeautomatic &
Clipping on - Tag % ODE45_SO|Ve = E
CreateFcn e & Zg
DeleteFcn e & :
Enable on = |
Extent [00 7.4 1462] :
FontAngle normal = |
FontMame M5 Sans Serif | :
Fontsize 15| & S :
TUTTEUTITLS PUIIIL:l \[) I
FontWeight normal T|= :
ForegroundColor @ | I
HandleVisibility on - :
HitTest on - :
HorizontalAlignment center ™ |
Interruptible on - :
KeyPressFcn ] & I
il ListboxTop 10 & :
Max 10 & :
I Min 0.0 & |
Position [73.4 21.692 30 3.923] :
SelectionHighlight on - I
E_Slidersten [001 011 :
String =) opess & I‘ |
Style pushbuttcn ||| S I
Tag ODE45_solve :J | :
Toompotng I
UIContextMenu =Mones v :
Units characters v l
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ODE113 PUSH BUTTON

- W pushbutton 4
ri examplel fig - e * - s . g0 —

File Edit Wiew Layout Tools Help

Dod s$22aR9 0 | 2Bhd BHY P

|

|

i

. i
Input ODE function ODE?23 i
|

T
ODE45 |
Initial value Range = i
. Push Button m :

| ' |
|
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

‘ Close ‘

4 I

Tag: pushbuttond Current Point: [353, 417] Position: [376, 231, 133, 48]

L - -
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ODE113 PUSH BUTTON: INSPECTO

-Ins:pecto-r unlcontrol (ODE113 solve ODEllB'}‘ -i-'E= Strln g ODE1 1 3 9 E ﬁ g
% [81] =1 =
BackgroundColor @ — it
BeingDeleted off
BusyAction gueue - FontSize 15 £ E 70:|
ButtonDownFcn ked & I
CData ﬂ [0x0 double array] & |
Callback Zeautomatic &
Clipping on - Tag % ODE11 3_SO|Ve = E
CreateFcn ] & Zg
DeleteFcn ] & :
Enable on = |
Extent [0 086 1462] :
FontAngle normal = |
Fonthame M5 Sans Serif | :
FontSize 15| & g :
TUTTEUTITLS PUIIIL:! \[) I
FontWeight normal T|= :
ForegroundColor @ | I
HandleVisibility on e :
HitTest on - |
HorizontalAlignment center ™ |
Interruptible on - :
KeyPressFen & |
ListboxTop 10 & :
Max 10 @ :
I Min 00 & |
Position [73.2 15769 302 4.077] :
SelectionHighlight on - I
E_Slidersten [001 011 :
String E)| ope113 y I‘ !
Style pushbutton © o I
Tag ODEL13_solve 2 L :
TooMpatrmg 7 |
UIContextMenu =Mones v :
Units characters v l
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COMPARE PUSH BUTTON

@ pushbutton 4
r[gﬁ-' examplel fig -e . L e .-e ESEES=)

File Edit Wiew Layout Tools Help

Dod s$22aR9 0 | 2Bhd BHY P

|

i

|

|

|

. 0l
Input ODE function ODE?23 i
®|=] '
ODE45 |
Initial value Range i
‘ ODE113 |
=E _ |
L Push Button -@ i
|

b |
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|
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|
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|

|

|

‘ Close ‘

4 I

Tag: pushbuttons Current Point: [439, 202] Position: [372, 170, 129, 51]

A - =
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COMPARE PUSH BUTTON: INSPECTg

r@ Inspector: uicontrol (compare "Compare™) [ @Eﬂ’ Strlng Compa re EE E %'
HENEREE
BackgroundColor @ —I o
BeingDeleted off .
BusyAction gueus - FOhtSlze 1 5 E E %'
ButtonDownFen iz & I
CData H o« double array] & |
Callback kel sLautomatic &
Clipping on - Tag % compare = E %'
CreateFcn ] &
DeleteFcn iz & :
Enable on = :
Extent [00941462] |
FontAngle normal < :
FontMame MS Sans Serif & |
FontSize 15| & :
FONLONIGE poINt: i |
FontWeight nermal 7|z :
ForegroundColer @ | :
HandleVisibility on = |
HitTest on - |
HorizontalAlignment center || |
Interruptible on = :
|| KeyPressFen () & :
ListboxTop 10 & |
Max 10 @ |
Min 0.0 & |
Pasition [74.2 13 25.8 3.923] :
SelectionHighlight on - :
i 001 013 I
IString @ Compare & :
Style pushbutton i |
ITag compare @ :
ToompGeng T I
UIContextMenu =Mones v :
Units | characters - | I
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STATIC TEXT BOX

Independent variable 1t

r[ﬁ-‘ examplel fig - e . - . “ . | B |-
File Edit Wiew Layout Tools Help
Dod $2m9 0 | 2B BH% P
. ]
Input ODE function ODE?23
ODE45
Initial value Range
‘ ODE113
|
Inieaprniear;?:nt : Depp:ndent @ ‘ Cnmpare ‘
| . variahle
‘ Close ‘
4+ F ;
Tag: text? Current Point: [326, £19] Position: [150, 170, 115, 31]

Dependent variable 0| &2

Z+= static text box 27l AH
A
o
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LIST BOX

rﬂ:f.‘ examplel fig - 8 *> -. - e - « 8 =
File Edit Wiew Layout Tools Help
Nodd $d2=2R90¢ | 2Bk BH% | b
Input ODE function A
P ODE23
ODE45
_ Initial value Range
= ‘ ODE113
j
8 ||=x
iz v ol Dependent Cnmpare
variable variable
|
istbox -
‘ Close ‘
4 b
Tag: listbox1 Current Point: [323, 419] Position: [21, 20, 109, 133]

b -
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LIST BOX: INSPECTOR

[ Inspector: uicontral {resultl _ E‘hﬁ.lg Strlng H|_I ?_}-QE ﬁ z__:!
Bz (81| = =
BackgroundColor @ — o |
BeingDeleted off
BusyAction queue - FontSize 12 £ E 7o:|
ButtonDownFecn ket &
CDiata Ea [0x0 double array] & |
Callback k| Seautomatic &
Clipping on v Tag % reSU|t1 QE E 70:|
CreateFcn G| scautomatic @ :
DeleteFcn ] @ I
Enable on - :
Extent [0 0 0.8 0.308] |
i Fontangle normal = :
FontMame M5 Sans Serif FAR :
FontSize 12| & ?‘ |
FOTIOTIE Do \{ :
Fentweight normal i I
ForegroundColor @ | | :
HandleVisibility on - :
HitTest on v |
HerizontalAlignment center > :
Interruptible on > |
KeyPrassFen ket & :
ListboxTop 1.0 & I
Max 1.0 & :
 Min 00 @ !
Paosition [76 1462 202 13] |
SelectionHighlight on = :
SliderStep — [0.01 0.1] {1 |
String [5] E L'L :
STyiE MeDor %50 :
Tag resultl # |
OISy Ca :
UIContextMenu <MNone= < |
Units characters < :
|
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LIST BOX

ril examplel fig

L - e - ..‘
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Current Point: [403, 419]
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2 Inspector: uicontral (resultz_ =R
. W

P EHEE

[+]

LIST BOX: INSPECTOR

BackgroundColor — I
BeingDeleted off
BusyAction queus =
ButtonDownFcn &
CDiata ﬂ [0x0 double array] &
Callback G| scautomatic @
Clipping on i
CreateFcn k)| scautomatic &
DeleteFcn ket &
Enable on <
Extent [0 0 0.8 0.308]
Fontangle normal i
FontMName MS Sans Serif |
FontSize 12| & l[;
FUTILLITITLS PLATILS ‘\i
FontWeight nermal 7=
ForegroundColor |
HandleVisibility on <
HitTest on T
HerizontalAlignment center <
Interruptible on i
KeyPressFcn ] &
ListboxTop 10 &
Max 10 &
Min 00 &
Position [36.8 1.462 20.2 13.077]
SelectionHighlight on i
sliderstep [0.01 0.1]
i
String @ 2 0
SOyIS TS TOTE l*’ )
Tag result2 2] 1a)
TooIESang > [
UIContextMenu <MNones> -
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GRAPH WINDOW
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ODE23 PUSHBUTTON CODING

-

[ Editor - C¥UsersWseanwDesktopWexamplel m L o [ulSl g1

File Edit Text Go Cell Tools Debug Desktop Window Help ¥ A x

NMEH| $RB20|aD-AdAai|B-80BRE m

BB | - 10 |+ |+ 11 |x | |0,

| faTh] Ao ——= CERECOLET U UOLLOm Fress T UDESI_STTVE, -D

154 function ODEZ3_solve_Callback({hhiect, eventdata, handles) i

155 % hibject handle to ODE23_solve (see GCBO)

156 % eventdata reserved - to be defined in a future wersion of MATLAD

157 % handles structure with handles and user data (see GUIDATA)

158 |- fun = get({handles. ade_input, ‘string’});

159 |- initial_temp = getihandles.initial_value_input, strina’};

160 |- range_temp = get({handles.range_input, "string’ J;

161 |- initial = str2numinitial _temp);

162 |- range = str2nunirange_temp);

163

164]- dydt = inline(fun, "t°, v ) @

165)— [t,v] = ode23(dvdt,range.initial);

166

167]- blank={};

168]- get(handles,resultl, 'String’ . blank):

169) - gset thandles. result2, "String’ . blank): -

170 -

1714- Resultsstrl =t i

172]— ResultsStr? = i

173

174 - set(handles.resultl, "String’,PesultsStril);

179 - set(handles, resultZ, 'String',ResultsStrd);

178

177 | plotit,y)

178 i

1‘__| - ; L ; — ; | 3

4 = assignmentém  ®| exm | heatfunm *| exim ®| dydxnm % | resm % | ex2_1m x| P
! examplel / ODE23 solve Call... |Ln 158 Col 39 |OWR
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ODE23 solve E{1Z 0| &

ode_input Ef 12 X8 &
edit box Y3 2= get &
TEIE

initial 2t range {2 <At
= 3 8{OF 51| mZ 0
str2num HH O E 0| &5t
of =Xtz HE = M

=%t & inline @&
HE 0|83t a2 X

result1 I} result2 2| Ef 1
2 X|™HEl listbox LHES
clear

X
i
Rl
07!

AIE listbox0|| ==

f

=
=

m

a1

I=
M
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ODE45&113 PUSHBUTTON CODIN

[ Editor - C:WUsersWseanDesktopWexamplel.m
odeZl YHOIB 1 3
File Edit Text Go (Cell Tools Debug Deskiop Window Help A A K L|-|:|'|X|i = 0I5} Ic= ol
NEB|$RRIC (LD - Mewi|[B-20BR[-] »O - Vg oS- T F
BLE| - 10 |+ | Fl11 | x || O L
3 A== CExECUOLES O UOLULOTT FTrESS TIT UEaS_S10TVE ., -D |
180 function ODEAS_solve_CallbackihObiect. eventdata, handles) i :
181 % hobject handle to ODEAS_solve (see GCBO) :
182 % eventdata reserved - to be defined in a future version of MATLAB |
183 % handles structure with handles and user data (see GUIDATA) :
184 — fun = get(handles,ode_input, ‘string'J; :
185 — initial_temp = getihandles. initial_value_input, string J;: |
186 - range_temp = aetihandles. range_input, 'string’); :
187 - initial = strenunfinitial_temp); :
188 — range = strZnumirange_temp); I
189 |
190 = dodt = iolipelfun t Y- I
191 - [t.v] = odedBidvdt, range, initiall; :
192 i |
193 - blank=1}: :
194 - get{handles. resultl, "String’,blank); I
195 - set(handles. result2, "String . blank): i :
195 3 |
197 - ResultsStrl = t; 8 I
198 - Resultsstrd = wi :
199 |
200 - setihandles. resultl, "String’ ,ResultsStri); :
2o - setihandles.result?, "String ,ResultsStr2); I
202 |
203 — plot(t,y) :
| 204 I |
i . _ . - e . : :
ddydxnm  ® | resm % | ex21m ¥ ex22m *| FDM_exlm *| examplem | examplelm x|p :
examplel / ODE45 solve Call... |[Ln 192 Col 1 OVR :
|
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ODE45&113 PUSHBUTTON CODIN

-

[ Editor - C¥¥Usersi¥seanWDesktoptexamplelm L o | E ﬁ1

File Edit Text Go Cell Tools Debug Desktop Window Help ¥R X

NEH| R0 (02 Aedi|B-EBRE *0 -

BRE| -0 |+ 11 | x || O

-

231 % ——— Ewecutes on button press in compare. o

23z function compare_Callback(hOhiect, eventdata, handles)

233 % hibject handle to compare (gee GCBO)

234 % eventdata reserved - to be defined in a future version of MATLAE

235 % handles structure with handles and user data (see GUIDATA)

236 - fun = getfhandles.ode_input, ‘string’);

23 - initial_temp = getthandles.initial_value_input, string’J;

238 - range_temp = get(handles.range_input, 'stringa’J;

23 - initial = gtr2numlinitial _temp);

240 — range = strZnumlrange_temp):

241

M? — dudt = ipligaffug Tt ut-

243 - [t1.v1] = ode23{dvdt.range,initial);

244 — [t2,v2] = odedS(dvdt,range, initial);

MR — [t3,v3] = odet13(dedt, range, initiall;:

246

247 - hlank={}:

a8 - cet(handles. resultl, "String . blank); @

249 — set(handles. result2, "String . blank);

280 I

25— Lplot(t1,v1,t2,v2,t3,v3) 3

252 B

Zh3 % ——— Ewecutes on selection change in resultl,

254 function resultl_Callback(hOhiect, eventdata, handles)

pasls % hibject handle to resultl (see GCBO) i

acc W e A - i m i m A dm bm Al d e o~ Fikiiemm simem e o~ MATIEAD

1 | n | 3

ddydxnm  =|resm ®|exZ1m =|ex22m =| FDM_exlm *| examplem = |examplelm =|p
! examplel / compare Callback |Ln 250 Col 1 OVR
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Ml ZtX| ode ef4=E H| WS}
7| %lofl 2ut=

listbox LH-&
A

Ml ZHX 2atE

Ol

A0 plot
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B examplel

Input ODE function

4*exp(0.8%t)-0.5%y

Initial value etz
2 [04]

Independent Dependent
wariable vsriable

o
o
[y
w
w
W
W
w
[om | »

|

ODE23

ODE45

ODE113

Close

80
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et S 271244 range
H 3 A HES 2E9
Zf =0l

d 0.8x

— = f(x,y)=4e 0.5y
dx

withy(0)=2 fromx =0~ 4
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